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WKHXOWLPDWHVHOHFWLRQRIWKHQRGHVZKHUHLQVWDOOWKHPDQRPHWHUVZDVDIIHFWHGDOVRE\SUDFWLFDODVSHFWV,QGHHGEHFDXVH
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WKHVHWRIFRQVWUDLQVFDQEHUHZULWWHQDV
  6MNESS MJJ*J MJMFMP 
   HH ¦   
ZKHUHEJMLVWKHJHQHULFWHUPRIWKHVHQVLWLYLW\PDWUL[%RIQRGDOSUHVVXUHVZLWKUHVSHFWWRURXJKQHVVFDOLEUDWLRQ
SDUDPHWHUVİJ¶LVWKHURXJKQHVVDWWKHSUHYLRXVVWHSDQGNMLVWKHWROHUDQFHWKDWPXVWEHWDNHQVOLJKWO\OHVVWKDQWKH
FRUUHVSRQGLQJ.M
7KHDOJRULWKPFRQVLVWVLQIRXUVWHSV&RPSXWHE\WKHK\GUDXOLFPRGHOWKHSUHVVXUHDWVHQVRUVZLWKWKHSDUDPHWHU
LQLWLDOO\ DVVXPHG  ,I WKH FRQVWUDLQW  LV VDWLVILHG WKH FDOLEUDWLRQSURFHVV LV FRPSOHWHG RWKHUZLVH D QHZ VHW RI
FRQVWUDLQWVLVGHULYHGE\FRPSXWLQJWKHVHQVLWLYLW\PDWUL[%6ROYHWKHSUREOHPWKDWPLQLPL]HVWKHREMHFWLYH
IXQFWLRQXQGHUWKHFRQVWUDLQWV&RPSXWHWKHPRGHOUHVSRQVHZLWKWKHQHZHVWLPDWHVRISDUDPHWHUVİJ6WHSV
DUHUHSHDWHGXQWLOFRQYHUJHQFHRIWKHSURFHGXUH7KHLWHUDWLRQLVUHTXLUHGE\WKHQRQOLQHDULW\RIWKHSUREOHP
$SSOLFDWLRQWRWKH&KLDUDYDOOHQHWZRUN
2QWKHEDVLVRIWKHXQFHUWDLQW\RIVRPHPHDVXUHPHQWVGHVFULEHGLQ6HFWLRQZHKDYHFDOLEUDWHGWKHK\GUDXOLF
PRGHOZLWKGDWDREVHUYHGRQ1RYHPEHU'XULQJWKLVGD\DOOWKHPDQRPHWHUVKDYHFRUUHFWO\ZRUNHGDQGGDWDVHULHV
DUH FRPSOHWH $V UHJDUG WKH XVHU FRQVXPSWLRQ LQ D ILUVW SKDVH WKH PHDQ GHPDQG ZDV WDNHQ LQWR DFFRXQW LQ WKH
FDOLEUDWLRQSURFHGXUH7RFRQVLGHUWKHLQFUHDVHRIWKHIORZHQWHULQJWKHQHWZRUNDQRGDOGHPDQGRIOVKDVEHHQ
LQVHUWHG DW HDFK QRGHZKHUH DQ RXWOHW YDOYH LV LQVWDOOHG7KH FRQGLWLRQ WKDW WKH LQFUHDVH RI WKH IORZ UHTXHVWHG LV
XQLIRUPO\GLVWULEXWHG LQDOO WKHQHWZRUNQRGHVZDVDOVRFRQVLGHUHG7KHFDOLEUDWLRQZDVSHUIRUPHGDVVXPLQJ WKDW
DEVROXWHURXJKQHVVZDVJUHDWHUWKDQPPDQGORZHUWKDQPP
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5HVXOWVDUHUHSRUWHGLQ7DEOHIRUDOOWKHGLIIHUHQWVFHQDULRV7DEOHVKRZVDEVROXWHYDOXHRIGLIIHUHQFHEHWZHHQ
PHDVXUHGDQGFDOFXODWHGYDOXHVRISUHVVXUHVDWVL[VHQVRUV7KHFDOLEUDWLRQPHWKRGRORJ\UHVXOWHGLQDPD[LPXPHUURU
RIPDQGDPLQLPXPHUURURIPUHVSHFWLYHO\$YHUDJLQJGDWDRIDEVROXWHHUURU$(FDOFXODWHGIRUDOOWHVWHG
VFHQDULRVLWZDVREWDLQHGWKDWVHQVRUDWQRGHLVWKHEHVWFDOLEUDWHGZKLOHQRGHLVWKHZRUVW
7DEOH$EVROXWHHUURU$(EHWZHHQPHDVXUHGDQGFRPSXWHGSUHVVXUHVDWVL[VHQVRUQRGHIRUHDFKRXWOHWYDOYHFRQVLGHUHG
 3UHVVXUH$(PDWVHQVRU
RXWOHWQRGH   L  L 
      
      
      
      
      
      
      
      
      
      
      
QRQH      

,QRUGHUWRVHOHFWWKHRSWLPDORSHUDWLQJFRQGLWLRQDPRQJWKHIHDVLEOHVFHQDULRVLWLVQHFHVVDU\WRGHVLJQDGHFLVLRQ
PDNLQJFULWHULRQ>HJ@0DQ\RSWLPL]DWLRQFULWHULDFDQEHDGRSWHGWRVHOHFWWKHEHVWVROXWLRQ0D[LPLQRU0D[LPD[
FULWHULDUHSUHVHQWWKHFODVVLFDODSSURDFKLQWKHGHFLVLRQWKHRU\,QRXUFDVHWKHSUREOHPFRQVLVWVRIFKRRVLQJWKH$(WR
PD[LPL]HLHIRUH[DPSOHWKHVLQJOHYDOXHRUWKHPHDQYDOXHRYHUDVFHQDULR$0XOWL&ULWHULD'HFLVLRQ$QDO\VLV
0&'$ZDV DSSOLHG WR WKHSUHVHQW GHFLVLRQSUREOHP UHSUHVHQWHGE\ DOWHUQDWLYHV $L DQG FULWHULD &L7KH
DOWHUQDWLYHVDUHWKHRSHQLQJRIRQHRXWOHWZKLOHWKHFULWHULDDUHPLQLPXPYDOXHRI$(IRUHDFKRXWOHWYDOYHPLQLPXP
PHDQYDOXHRI$(IRUHDFKRXWOHWYDOYHPLQLPXPPHDQYDOXHRI$(IRUHDFKRXWOHWYDOYHH[FOXGLQJEHVWDQGZRUVW
VHQVRUDQGUHVSHFWLYHO\7KHGHFLVLRQPDWUL[LVLOOXVWUDWHGLQ7DEOH
7KHEHVWDOWHUQDWLYHZDVVHOHFWHGE\PHDQVRI:HLJKWHG6XP0RGHO:60IRUZKLFKWKHWRWDO LPSRUWDQFHRI
DOWHUQDWLYH$LLVGHILQHGDVIROORZV
PLDZ$ LM
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M
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
ZKHUH$L:60VFRUHLVWKHWRWDOLPSRUWDQFHRIDOWHUQDWLYH$LZMLVWKHUHODWLYHZHLJKWRILPSRUWDQFHRIWKHFULWHULRQ&M
DLMLVWKHSHUIRUPDQFHYDOXHRIDOWHUQDWLYH$LZKHQLWLVHYDOXDWHGLQWHUPVRIFULWHULRQ&MPDUHWKHDOWHUQDWLYHVDQGQ
DUHWKHGHFLVLRQFULWHULD)RUWKHRXUFDVHWKHEHVWDOWHUQDWLYHLVWKHRQHWKDW\LHOGVWKHPLQLPXPWRWDOSHUIRUPDQFH
YDOXHUHSUHVHQWHGE\WKHHUURUEHWZHHQFDOFXODWHGDQGPHDVXUHGSUHVVXUHYDOXH7DEOHVKRZVWKDWWKHEHVWFDOLEUDWLRQ
RIQHWZRUNPRGHOLVREWDLQHGZKHQDGMXQFWLYHQRGDOGHPDQGLVORFDWHGDWQRGHDOWHUQDWLYH$7KHVHUHVXOWVZHUH
REWDLQHGFRQVLGHULQJDZHLJKWRIIRUFULWHULRQ&DQGIRUERWKFULWHULD&DQG&
6LQFH WKH WRWDO SHUIRUPDQFH YDOXHVRI DOWHUQDWLYHV$$ DQG$ QRGHV  DQG UHVSHFWLYHO\ DUHYHU\
VLPLODU:HLJKWHG3URGXFW0RGHO:30ZDVDSSOLHGWRFRPSDUHRQHDOWHUQDWLYHZLWKWKHRWKHUV7RFRPSDUHWZR
DOWHUQDWLYHV$/DQG$.WKHSURGXFW3LVFDOFXODWHGDVIROORZV
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ZKHUHWKHV\PEROVKDYHWKHVDPHPHDQLQJRIHT,IWKHSURGXFW3$.$/LVJUHDWHURUHTXDOWKDQLWLQGLFDWHV
WKDWDOWHUQDWLYH$.LVPRUHGHVLUDEOHWKDQDOWHUQDWLYH$/5HVXOWVIRUFRPSDULVRQRIDOWHUQDWLYHV$$DQG$DUH
UHSRUWHG LQ7DEOHDQG LQGLFDWH WKDW WKHEHVWDOWHUQDWLYH LV$DVDFRQVHTXHQFH WKDW$!$!$7KLV UHVXOW
SDUWLDOO\FRQILUPVZKDWREWDLQHGZLWK:60DQDO\VLVVLQFHDOWHUQDWLYH$IROORZV$LQWKHUDQNLQJRI:60
7DEOH'HFLVLRQPDWUL[DQGUHVXOWVRI:HLJKWHG6XP0RGHOIRUWKHQHWZRUNRI&KLDUDYDOOH
 $/7(51$7,9(6RXWOHWDWQRGHL
&5,7(5,$ $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&            
&            
& 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          
$L:60VFRUH            

7DEOH5HVXOWVRI:HLJKWHG3URGXFW0RGHOIRUWKHQHWZRUNRI&KLDUDYDOOH
 $$ $$ $$
3L:30VFRUH   
&RQFOXVLRQV
7KHFDOLEUDWLRQRIWKHK\GUDXOLFPRGHORIWKH&KLDUDYDOOH:'6ZDVYHULILHGZLWKPHWKRGVGHULYHGIURP0XOWL
&ULWHULD'HFLVLRQ$QDO\VLVLQRUGHUWRVHOHFWWKHEHVWPLQLPL]DWLRQFULWHULDEHWZHHQFDOFXODWHGDQGPHDVXUHGSUHVVXUH
YDOXHDWWKHVL[VHQVRUVLQVWDOOHG7KLVPHWKRGRORJ\ZDVDGRSWHGEHFDXVHWKHIORZHQWHULQJWKHQHWZRUNGXULQJWKH
FDPSDLJQUHVXOWHGJUHDWHUWKDQWKHXVXDOPHDQFRQVXPSWLRQLQWKHVDPHSHULRGRIWKH\HDU5HVXOWVRIWKHDQDO\VLV
VKRZWKDWVLPXODWLQJWKHRSHQLQJRIDQRXWOHWYDOYHLWLVSRVVLEOHWRREWDLQDJRRGFDOLEUDWLRQRIWKHPRGHO0RUHRYHU
LWLVSRVVLEOHWRLGHQWLI\WKHEHVWDOWHUQDWLYHDPRQJGLIIHUHQWORFDOL]DWLRQVRIWKHRSHQHGYDOYHUHSUHVHQWHGLQRXUFDVH
E\QRGH)LJVKRZVWKHFRPSDULVRQEHWZHHQFDOFXODWHGDQGPHDVXUHGSUHVVXUHIRUWKHVL[PRQLWRUHGQRGHVLQ
WKHFDVHRIDOWHUQDWLYH$,WLVHYLGHQWWKDWQRGHKDVDTXLWHRSWLPDOFDOLEUDWLRQZKLOHDQRSSRVLWHVLWXDWLRQZDV
REWDLQHGIRUQRGHWKLVFRQGLWLRQLVLQGHSHQGHQWIURPWKHORFDOL]DWLRQRIWKHRXWOHWYDOYHDVVKRZQLQ7DEOH
'DWDRI7DEOHVKRZWKDWFDOLEUDWHGYDOXHVRISLSHURXJKQHVVDUHLQUHDVRQDEOHDJUHHPHQWZLWKLQLWLDOYDOXHV
7KHVHSUHOLPLQDU\UHVXOWVVKRXOGEHLQWHJUDWHGFRQVLGHULQJWZRFUXFLDODVSHFWVLQWKHFDOLEUDWLRQSURFHGXUH7KH
ILUVWLVWRFRQVLGHUWKHSHDNGHPDQGFRQGLWLRQDQGWKHODWWHULVWRDVVLJQDZHLJKWFRHIILFLHQWWRHDFKVHQVRULQRUGHUWR
UHGXFHWKHLQIOXHQFHRIWKHPDOIXQFWLRQRIWKHLQVWUXPHQWV


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)LJ&RPSDULVRQEHWZHHQPHDVXUHGGRWVDQGFDOFXODWHGFRQWLQXRXVOLQHSUHVVXUHVDWVL[PHDVXUHPHQWSRLQWVLQWKHYDOLGDWLRQSKDVHRQ
1RYHPEHU
$FNQRZOHGJHPHQWV
$XWKRUVZRXOGOLNHWRWKDQNWKHZDWHUXWLOLW\PDQDJLQJWKHV\VWHP0XOWLVHUYL]L6S$IRUSURYLGLQJWKHQHWZRUN
GDWDDQGWKHLQVWUXPHQWDWLRQIRUWKHPHDVXUHPHQWFDPSDLJQV$VSHFLDOWKDQNJRHVWR(QJ%UXQR5RVVLQLDQG(QJ
3DROR 3DXUL IRU VXSSRUWLQJ WKH SURMHFW DQG WR WKH VWDII GLUHFWHG E\ 0DXUL]LR 3LDFHQ]D DQG 6WHIDQR 3DFHWWL WKDW
FRRSHUDWHGGXULQJWKHPHDVXUHPHQWV
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